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Anchony  P.  Samniella 
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Photoelectrodaa  of  the  Croup  IVb  transition  metal 
dichalcogenldes  HfS2,  HfSe2,  ZrS2  and  ZrSe2  (which  are 
all  Indirect  gap  materials  possessing  band  gaps  of  re¬ 
spectively  1.96,  1.13,  1.68  and  1.2eV)  have  recencly 
been  shown  compatible  for  the  reversible  intercalation 


of  copper  and  iron  specie*. Single  crystals  of 


these  materials  prepared  by  the  halogen  (I2)  vapor 
transport  technique  were  found  to  be  intrinsically  n- 
doped.  Intercalation  occurs  between  the  weakly  bonded 
van  der  Waala  planes  of  these  materials.  The  electro¬ 
chemical  intercalation  and  pho toe lec t roc hem i -a  1  (PEC) 
deintercalation  of  redox  species  at  the  interfacial 
region  of  these  layer  type  photoanodes,  with  either 
liquid  nonaqueoua  or  solid  polymer  electrolytes  (SPE), 
could  be  a  viable  strategy  for  PEC  storage  devices. 

The  PEC  and  electrochemical  intercalation  char¬ 
acteristics  for  single  crystal  materials  is  found  high¬ 
ly  dependent  upon  the  crystal  orientation  exposed  to 
the  electrolyte  of  interest. 

In  work  to  be  discussed  here,  the  PEC  performance 
of  n-HfS2  ie  correlated  with  capacitance  and  impedance 
measurements  obtained  with  the  photoanode  van  der  Waals 
layers  exposed  either  parallel  or  perpendicular  to  the 
nonaqueous  electrolyte.  These  measurements  were  per¬ 
formed  in  acetonltrlle/O.lH  TBAPP5  ( te c rabuty lamraonium 
f luorophosphsce)  electrolyte*  with  and  without  0.1M  CuCl 
present  as  the  intercalating  redox  species.  Ohmic  con¬ 
tact  to  n-HfS2  was  achieved  by  sparking  indium  metal  to 
the  van  der  Waala  layers,  using  a  16V  dc  power  supply. 
Current  collection  was  then  accomplished  via  a  nichrome 
wire  attached  via  silver  epoxy  and  the  whole  ohmic  con¬ 
tact  region  suitably  Insulated.  In  the  absence  of  CuCl, 
photopotent lala  for  Che  (defect  free)  van  der  Waals  sur¬ 
faces  wars  typically  found  to  be  between  -220  and  -240mV 
under  simulated  AMI  illumination.  For  phocoe lect rodes 
prepared  where  the  intercalating  edge  steps  were  inten¬ 
tionally  exposed  to  the  nonaqueous  electrolyte,  somewhat 
smaller  photopotent lala  between  -80  and  -160mV  were 
found.  Impedance  and  capacitance  measurements  taken 
over  the  frequency  range  500Hz  to  20kHz  for  the  van  der 
Waals  surfaces  indicated  the  presence  of  frequency  de¬ 
pendent  capacitance  (Figure  1  from  Mot c -Schoc cky  data) 
and  resistive  elements  in  parallel  to  the  phocoanode'a 
specs  charge  capacitance.  An  equivalent  circuit  ration¬ 
alizing  this  Interfacial  region  was  addressed  using  cir¬ 
cuit  analysis  techniques  previously  discussed  by  others. 
*►5  The  corresponding  equivalent  circuits  obtained  for 
both  n-HfS2  crystal  orientations  are  summarized  in 
Figure  2. 

Frequency  independent  capacitance  data  were  obtained 
by  Initially  measuring  the  total  frequency  dependent 
capacitance,  conductance  and  Impedance  of  the  photoanode/ 
slactrolyts  lntsrfsclal  region.  From  this,  the  Imped¬ 
ance  frequency  dependence  was  obtained  and  used  to 
eliminate  the  Influence  of  the  frequency  dependent  ca¬ 
pacitance  and  resistance  from  the  Interfacial  admit¬ 
tance.  Space  charge  capacitance  at  the  van  der  Waals 
surface,  obtained  using  this  approach,  was  found  to  be 
icr2  uF/co2  at  open-circuit  potential.  Order  of  mag¬ 
nitude  higher  space  charge  capacitance  values  were 
found  for  meteriale  vhoae  van  der  Waala  layers  were 
expoaed  to  the  electrolyte.  Here,  frequency  Indepen¬ 
dent  Mot t-Scho t t ky  dace  obtained  (Figure  3)  for  n-HfS2 
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The  Initial  pho t opo t «n 1 1  a  la  of  n-HfS2  In  aceton¬ 
itrile  containing  CuCl  were  found  to  poaaeat  values 


of  -50mV  which  decreased  ateadlly  during  the  poten- 
tio8tatlc  Intercalation  of  copper.  Space  charge  ca¬ 
pacitance  at  the  same  time  was  found  to  increase  to 
1  uF/cm^ . 

The  electrochemical  deintercalation  of  copper 
could  be  achieved  In  the  dark  Implying  that  the  ini¬ 
tially  Intercalated  copper  occupies  energy  levels 
close  to  the  conduction  band  rather  than  in  Che  for¬ 
bidden  gap  close  to  the  valence  band. 

The  implications  of  these  experimental  observa¬ 
tions  will  be  discussed  In  relation  to  the  applica¬ 
tion  of  these  Intercalating  photoeiec trodes  in  both 
liquid  nonaqueoua  and  SPE,  PEC  storage  devices. 
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Figure  1.  Frequency  dependent  Mot C -Schot t ky  plot 
for  n - H  f  S  2  In  0.1M  TBAPF6  in  CH3CN 
oriented  perpendicular  to  van  der  Waal 
layer  In  CH3CN/O.IM  TBAPF^  electrolyte. 
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